Using data from the Statistics Canada National Longitudinal Survey of Children and Youth (NLSCY), this paper investigates the impact of school entry age on inattentive/hyperactive behaviours. We employ both a cross-provinces-time differences-in-differences approach, and a within-province regression discontinuity design. We find that being young in class causes greater inattentive/hyperactive behaviour, exacerbating any inattentive/hyperactive behavior exhibited prior to school entry. These results also also hold in sibling fixed effect models. Though we do not find gender differences in the effects, because boys are more likely to be inattentive/hyperactive at school entry, they are more affected. These effects persist into early adolescence.
Introduction
In this paper, we ask whether being young in class, more precisely having one's birthday within the last six months prior to school entry, increases restless/inattentive behaviours of young children. Since "young in class" children can be almost one full year younger than some of their peers --nearly a quarter of a lifetime for many children at school start age --expectations for paying attention, sitting still, etc might be hard to achieve, leading them to "tune out" and/or "burst out" with more boisterous behaviours both at school and at home.
Increases in inattentive/hyperactive behaviour inadvertently generated by educational institutions are of economic and policy concern since there is evidence that higher levels of inattentive/hyperactive behaviour have negative implications for educational outcomes both for children with clinical levels of such behaviour (i.e., those with ADHD --see Daley and Birchwood 2010; or Loe and Feldman 2007) , and for those exhibiting some inattentive or hyperactive behaviours but who would be classified as well below clinical thresholds (Currie and Stabile 2006) . Moreover, since the prevalence of inattentive/hyperactive behaviour has been growing worldwide 1 and is more prevalent among boys than girls (e.g., Gershon 2002; Russell, Rodgers, Ukoumunne and Ford 2013) , the issue has potential relevance to the growing concern both among economists (e.g., Bertrand and Pan 2011; Fortin, Oreopoulos and Philips 2013) and educators, more generally (Gurian 2009; Sax 2007 ) that boys are lagging girls academically. In Canada, for example, 60 % of university graduates are now young women (Drolet 2011) .
In this paper, we investigate three basic questions: 1) Are Canadian children in kindergarten through grade 3 who are young relative to their class-mates more likely to exhibit inattentive/hyperactive behaviours at home as reported by their parents, 2 and if so, are there gender differences in the extent to which this is true? 2) Longitudinally, do children who exhibit higher levels of inattention/hyperactive behaviour at age 2/3, before they enter public school have a particularly difficult time adjusting if they are young in class and is this particularly an issue for little boys?; 3) Do effects of being young at school persist into early adolescence?
In answering these questions, we make several contributions to the literature. First, we test the robustness of results to the use two different approaches to identifying the effects of being young in class on the inattentive/hyperactive behaviour of young Canadian school children. Specifically, we use both difference in difference (DD) estimation and the regression discontinuity (RD) techniques employed by other researchers on this topic. Each approach has strengths and weakness; since we employ both methods, we add to the literature the conclusion that being young in class increases inattentive/hyperactive behaviours regardless of the estimation approach employed. 3 Second, given the longitudinal structure of the NLSCY we estimate the consequences of being young in class controlling for parent reports of inattentive/hyperactive behaviour at age 2/3, before the child enters school, using both OLS and sibling fixed effects methods. Thus, perhaps our most significant contribution to the literature is our estimate of how being young in class increases the inattentive/hyperactive behaviour of one sibling compared to another, when one is young in class while the other is not, controlling for differences in parental reports of their inattentive/hyperactive behaviour at age 2/3. The data set used by Elder (2010) , for example, does not observe children until they are in kindergarten, so this was not studied previously. Similarly, sibling fixed effects models have not previously been used in this literature.
While we find no gender difference in the consequences of being young in class for equally inattentive/hyperactive boys and girls, we do find that children who are more inattentive/hyperactive before they start school, are most negatively affected by being young in class. Since pre-school boys have much higher levels of inattentive/hyperactive behaviour (even relative to their sisters), this result emphasizes the extent to which the negative consequences of being young in class on subsequent hyperactivity may contribute to the problems of boys at school. This effect may, indeed, be compounded if increases in inattentive/hyperactive behaviours lead to treatments with Ritalin which recent research (Currie and Stabile 2013) finds has very negative long-term effects of educational outcomes.
Finally, since we can follow some children from the ages of 2/3 until the ages of 14/15, we are able to estimate longerterm impacts of being young in class, controlling for pre-school behaviour. This is possible both for individual children and for sibling pairs. Again, other data sets employed in this literature do not provide the same richness of information, so this has not previously been possible. We find that children who are young in class are still more inattentive/hyperactive by age 10/11, the oldest group for whom we have comparable parental assessments of inattentive/hyperactivity; and, they are more likely to have repeated a grade and/or to have lower parent-assessed performance at school at 14/15.
The remainder of the paper is organized as follows. Section 2 outlines school start legislation in Canadian provinces. Section 3 discusses the NLSCY data. Section 4 outlines are basic research methodology and Section 5 presents results. Section 6 exploits the longitudinal structure of the NLSCY to control for inattentive/hyperactive behaviour at age 2/3 while section 7 tests the persistence of findings into early adolescence. Section 8 discusses the current relevance of this "young in class" issue, particularly with respect to the lagging educational performance of boys. Section 9 concludes.
Kindergarten/Elementary School Legislation in Ten Provinces
Provincial authority over education policy in Canada provides a significant level of variation across time and place in rules about when children start school. Kindergarten (grade primary in Nova Scotia) is available for five-year olds in all provinces, but what we principally exploit for our analyses is that the date by which the child must have turned five varies from September 1 to March 1. Table 1 shows the nine different school entry cut-off dates used during our study period.
Since a typical school year runs from September to the end of June in all provinces, children are admitted to school at one time each year. 5 Whether they qualify for entry depends on their exact date of birth. Because of the single entry age cut-off, some children will be admitted to school a full year earlier than others. For example, if the cut-off date is December 31 in a calendar year when a child turns five, it means that children who are born on or before December 31 will start school when they are 4 years and 8 months and become the youngest student in the class. On the other hand, children who are born on January 1 will have to wait till next year to enter kindergarten, which means they actually start when they are 5 years and 8 months, and become the oldest student in the class.
With the exceptions of Alberta and Saskatchewan, school entry age eligibility in Canada is determined by the provincial Ministry of Education and is specified in provincial statutes that are usually contained in provincial Education Acts. Within the provinces of Alberta and Saskatchewan, school boards may set their own age requirements for entering school (see notes to Table 1 ). For the purpose of this study, we utilize information on school entry age cut-off in eight provinces and school boards/districts of Alberta and six school boards in Saskatchewan that can be identified by the Census Metropolitan Area (CMA) code available in the NLSCY. Data are directly compiled from provincial Education Acts and Department of Education or school board websites. We also use additional sources to help verify the compilation, including a survey on school start age across Canada by the PEI Department of Education, 6 and publications by Statistics Canada that summarize school eligibility legislation.
As shown in Table 1 , the most common cut-off date for school eligibility across provinces is December 31. During our study period, six provinces (i.e. British Columbia, Manitoba (1987 -2000 , Ontario (2001 Ontario ( -2004 , New Brunswick, Newfoundland and Labrador, six school districts in Saskatchewan and 4 school districts in Alberta) used this cut-off date to determine eligibility for kindergarten. The second most common school-entry cut-off date is September 30, used in Quebec and Nova Scotia. Otherwise, start date varies widely: for example, Calgary uses September 1 while Edmonton uses March 1. Also, PEI and Manitoba have both made several changes in cut-off date during our study period.
Of note is the fact that kindergarten is only mandatory in Quebec. 7 Compulsory schooling outside Quebec begins in grade one (see Oreopoulos 2005 and 2006) . Nevertheless, as we will show, in all provinces nearly all families comply with the norms established through legislation and begin public school with kindergarten at the "appropriate" age.
Data
Statistics Canada's National Longitudinal Survey of Children and Youth (NSLCY) is a nationally representative dataset of Canadian children that tracks their development and well-being from birth to early adulthood, with data collection occurring at two year intervals. The first survey round took place in 1994/95 with a nationally representative sample of 22,831 children aged 0-11. In addition to following the original longitudinal children, a new cohort aged 0-1 was added at each new cycle allowing the construction of a sizable repeated cross-sectional dataset. Most information for children under the age of 10 is reported by a parent, specifically the parent selected as the "person most knowledgeable" about the child (or, PMK -most typically the mother) during a personal interview in the home.
In the first section of the paper, we select a longitudinal sample of children who are currently between 5 and 8 years of age, 8 who are attending public school or publically funded Catholic schools and for whom we can also observe province of residence when he/she was 4/5 years old 9 so that we can determine the relevant elementary school eligibility cut-off date.
10 Our basic estimating sample excludes children who have moved inter-provincially between 4/5 and 5/8 on the grounds that this can change the meaning of being "relatively young in class." For example, a child moving from BC to NS could be up to 9 months younger than some of his/her classmates in NS rather than up to 6 months younger than classmates in BC (see Appendix Table 1 ). We have also estimated models which keep provincial movers; results are qualitatively unaffected (see Appendix Table 2 ). Since junior kindergarten is only available in some provinces, our basic sample excludes children currently attending junior kindergarten (though we later test the sensitivity of our results to having attended junior kindergarten).
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To maximize our sample size, we include any observations satisfying these conditions giving us 25,296 children. This means the same child can appear twice in our basic sample (e.g., when he/she was 5 and 7; or, when he/she was 6 and 8). An alternative sample in which each child is randomly selected once consists of 18,080 children. Appendix Table  3a and 3b illustrates that our basic findings are consistent if we used the more restricted samples.
The measure of inattention/hyperactivity we use is based on parent reports. In all survey years, parents of young children were asked to assess how often, in the home setting, their child: 12 7 Ontario and Quebec offer two grades of kindergarten: junior kindergarten and senior kindergarten. Junior kindergarten, which is attended by four-year-olds, is optional in both provinces, but senior kindergarten is mandatory for five-year-olds in Quebec. Other provinces have only one year of kindergarten (called "primary" in Nova Scotia). Kindergarten usually runs on a half-day or every-other-day schedule, while starting in 2007 and 2010, Ontario and British Colombia introduced full-day Monday to Friday kindergarten. Starting in 2010, after our study period, kindergarten became compulsory in PEI. For more detailed description of kindergarten entry age in Canada, see Lefebvre, Merrigan and Verstraete (2009). 8 For the purpose of sample selection, we use the NLSCY "effective age" since this determines the set of questions that will be asked about the child. Effective age is calculated as cycle year minus year of birth. 9 Additionally, we exclude children who have moved inter-provincially after age 4/5. 10 The ability to match each child to the appropriate cut-off data is an advantage of the NLSCY not available to other authors. For example, Evans, Morrill and Parente (2010) do not have this information for any of the 3 data sets they employ. 11 We also exclude a small number of children who did not live in either one-or two-parent families (e.g., those in foster care or institutions). For Alberta and Saskatchewan, children living outside of the CMA's for which we know school start age rules are also excluded. 12 Specifically, pmk's are asked: "How often would you say [child's name] …" This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at Canadian Journal of Economics. Published by Wiley on behalf of the Canadian Economics Association. Copyright restrictions may apply. doi: 10.1111/caje.12174 "Can't sit still or is restless?" "Is easily distracted, has trouble sticking to any activity?" "Can't concentrate, can't pay attention for long?" "Is impulsive, acts without thinking?" "Has difficulty waiting for his turn in games or groups?" "Can't settle to anything for more than a few minutes?" "Is inattentive?"
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For each behavior, the parent can choose: "never or not true" (=0); "sometimes or somewhat true" (=1); or, "often or very true" (=2). Responses are summed to construct a scale ranging in value from 0 to 14, with a high score indicating the highest level of inattentive/hyperactive behaviour. The mean hyperactivity score for our sample is 4.1, though boys have higher scores than girls (4.6 compared to 3.6). Distributions of the hyperactivity scores for boys and girls are presented in Figure 1 .
The NLSCY I/H score aligns nicely with the kinds of behaviours which, in their more extreme form, would be used to diagnose ADHD (Charach, Lin and To 2010; CLT). But, given past research suggesting that diagnosis of ADHD may be biased (e.g., Elder 2010; Evans 2010; Morrow, Garland, Wright, Maclure, Tayler and Dormuth 2012; MGWMTD) 14 we prefer to work with a score describing the full range of inattentive/hyperactive behaviours -from none at all to clinical ADHD.
Basic Research Methods
To increase confidence in the robustness of our findings, we exploit two sources of variation to identify the effects of relative age on parent-reported inattentive/hyperactive behavior of Canadian children.
15 First, across provinces and time 16 we exploit differences in school start age policies which mean some children of exactly the same age (in months) are relatively young in class in one province but not another (difference in difference design -see Appendix Table 4 ). Second, within province, we exploit the randomness in exact date of birth for children born on either side of the school entry age cut-off and compare outcomes of otherwise similar children who received distinct treatment due to the enrolment eligibility legislation (regression discontinuity design). Each method has advantages and disadvantages.
The RD estimates compare children living in the same province who are born just before the school start cut-off who are thus the youngest members of their class with children who are born just after the cut-off and are the oldest members of their class. Since comparisons are being made within province, we can control potential curriculum and/or other provincial policy differences as well as potential local cultural differences in terms of parent/teacher expectations of young children. However, with the RD approach, the children being compared are in different grades and sample sizes are relatively small. 13 Earlier cycles also contained an additional question ("fidgets"); we re-constructed the hyperactivity score to obtain cross-cycle consistently. See Appendix Table 11 for a comparison of these questions with ones used for the diagnostic of ADHD. 14 Recent research (e.g., Elder 2010; Evans 2010; MGWMTD 2012) has found that children who are young within grade at school are more likely to be diagnosed with Attention Deficit Hyperactivity Disorder (ADHD).
14 Using U.S. data., Elder, for example, finds that 8.4 % of children born in the month prior to the state cut-off for kindergarten eligibility are diagnosed with ADHD compared to 5.1 % for those born in the month after. Morrow, Garland, Wright, Maclure, Tayler and Dormuth (2012) report similar findings for the Canadian province of British Columbia. 15 A related body of literature studies the implications of being absolutely younger when starting school (rather than being young relative to classmates). See for example, Black, Devereux and Salvanes (2011) or Cornelissen, Dustmann and Trentini (2013) . 16 However, the number of changes across time in school start age policies is more limited than the differences across provinces, thus, we rely more heavily on the cross-province policy variation. This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at Canadian Journal of Economics. Published by Wiley on behalf of the Canadian Economics Association. Copyright restrictions may apply. doi: 10.1111/caje.12174
The DD estimates compare children of exactly the same age who are "young in class" in one province/time period but not young in another province/year as a result of provincial and/or year differences in school start dates. We are able to use larger samples for the difference in differences estimates and to estimate sibling fixed effects DD models to control for family-level unobservables (e.g., the priority parents place on education).
We do not study teacher reports since there are problems with these data in the NLSCY. Specifically, teacher response rates were only 48 % even in the first cycle of the NLSCY in 1994; they were eliminated entirely after wave three (CLT 2010) . Moreover, earlier research (Elder 2010) finds that teacher perceptions of a child's behaviour may be particularly likely to be systematically correlated with a child's age relative age to classmates and thus predictive of ADHD diagnosis while parental reports of child behaviour are not predictive of ADHD diagnosis.
Given these findings and the arguments of Currie and Stabile (2006) that a behavioural measure is better than a measure of diagnosis (given the biases noted above), we prefer to study the implications of being young in class on the full range of I/H behaviour (see p. 9 and footnote 12). That is, we want to know if children who are young in class are reported to be "more restless" or "less attentive" even if their behaviour is not likely to lead to a diagnosis of ADHD.
Difference in Difference Design
Differences across the ten provinces in the cut-off dates for school entry as well as changes in cut-off dates during our study period for some provinces provide sufficient variation to allow us to compare children of exactly the same age in provinces with different cut-offs, so that in one province, the child is "young in class" while in the other, he/she is "old in class." We first estimate a basic OLS model: ( 1) where I/Hi is the inattentive/hyperactivity score (based on parent report) for child i; Young6mosip is a dummy variable indicating that the child's birth date puts him/her in the younger half of his/her classgiven school-entry legislation in that year and province; Ageinmonths i is the child's age in months at the time of the survey; 17 BirthQuarteri indicates season in which the child was born; Cyclei refers to the NLSCY cycle from which the observation is drawn (beginning with Cycle 1 collected in 1994 through Cycle 8 collected in 2008); Xi includes an indicator that the child is first-born, child gender (in pooled boy/girl models), parental education, log family equivalent income, 18 family structure and parent immigrant status.
We include quarter of birth to control for the fact that children born in different seasons are often found to have different outcomes, with those born during the winter having the worst outcomes (e.g., Buckles and Hungerman 2013) and these seasonal effects may confound our findings regarding young in class, especially since several provinces place the school cut-off at December 31.
We estimate the DD model for the combined sample of boys and girls as well as separately for boys and girls. Since we require the child to be present in the data both at school entry and at age 5/8, longitudinal weights are used for all estimates; robust rstandard errors are clustered by province.
We next estimate a sibling fixed effects version of the DD model:
where Xij now includes only child gender since other parent/family characteristics will be the same for both children; j is a family fixed effect. This specification should control for fixed, unobservable differences across parents (e.g., very highly motivated that children should excel at school).
Regression Discontinuity Design
Following Elder (2010) , our second approach to estimate the effect of a child being relatively young in his/her class at school on parent reports of child hyperactivity is to compare children living in the same province who were born shortly before compared to shortly after the relevant school cut-off date. The RD approach has also been used to study a implications of being relatively young in class for a variety of child outcomes (e.g., Dhuey and Lipscomb 2010; Dobkin and Ferreira 2010) though no studies of which we are aware exploit the variation that exists in school-entry policies across Canada (though see Bedard and Dhuey 2006; MGWMTD 2012; Smith 2007 for studies using data within the province of British Columbia).
Intuitively, the idea of the RD strategy is that it is hard to think of any plausible reason why, for example, a Nova Scotian child born in September would be more hyperactive than a Nova Scotian child born in October of the same year except that the September child would be the youngest in his or her class while the October child would be among the oldest. But, Figure 2 shows that, in fact, Canadian children born just prior to the school cut-off date have higher levels of inattention/hyperactivity than those born just after. This is evident both in the pooled boy/girl sample and in separate estimates for boys and for girls (see Figure 3 ).
More formally, we estimate the following RD model:
where Youngi is now a dummy variable indicating that the child has a birth-date in the period immediately prior to the school-entry cut-off; 19 f(bdi-ci) is a function of the number of days between the child's exact birthdate, bdi, and his or her relevant school-entry cut-off date; 20 Provincei is the child's province of residence; Gradei refers to the child's current grade at school (in a cubic specification).; Xi includes child gender (in pooled boy/girl models), parental education, log family equivalent income, family structure, and parent immigrant status. We control for school grade in a cubic specification. Longitudinal weights are employed for all analyses; standard errors for the RD estimates are clustered at birth dates.
Basic Estimation Results

Difference in Difference Results
Difference-in-difference (DD) results are reported in Table 2 . For both boys and girls, we find that children who are young in class have more parent-reported symptoms of inattention/hyperactivity than their peers in other provinces/time periods who are the same age in months, but who are positioned differently relatively to their classroom peers as a result of differences across place/time in school start cut-offs. While boys have significantly higher inattentive/hyperactive scores than girls (about 1 point relative to the over-all mean of about 4 points on a scale of 0 to 14), the size of the "young in class" effect is fairly similar for boys and girls (0.17 of a standard deviation for boys; 0.12 of a standard deviation for girls). 21 Formal statistical tests reject the hypothesis of a significant difference in the size of the "young" effect for girls and boys (i.e., the interaction of "boy" and "young" is never statistically significant in pooled models). Relative to other key covariates, the size of effect for being young in class is roughly 60 % as large as having a parent with a university level education, for example, though in the opposite direction. The young in class effect is much the same size as the lone-mother association for girls (about 80 % as large for boys).
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19 We have used windows around the school cut-off day ranging from one month before and one month after to six months before and six months after. 20 We have tried specifying f(bdi-c) as a linear, quadratic and cubic function. See Appendix Table 5 . 21 Evans, Morrill and Parente (2010) also found no significant difference for boys compared to girls. 22 Bertrand and Pan (2011) also find that boys have a harder time in lone-mother families. This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at Canadian Journal of Economics. Published by Wiley on behalf of the Canadian Economics Association. Copyright restrictions may apply. doi: 10.1111/caje.12174 Notice that the quarter of birth variables are not significant in any case, which is, perhaps, surprising given other work on this topic. Recent findings of Buckles and Hungerman (2013) indicate that quarter of birth differences in child outcomes in the U.S. are in fact due to differences in maternal characteristics, with the driving factor being that older, more educated mothers are more likely to time their births to coincide with the summer months. For comparison with Buckles and Hungerman, Appendix Table 5 illustrates the results of simple OLS regressions of mother characteristics on quarter of birth and cycle. In contrast with the U.S. evidence, we do not find that mothers with children born in the winter are of lower socioeconomic status. This may reflect an important institutional difference between Canada and the U.S.; namely, the fact that at least six months of maternity leave was available to mothers in Canada during our study period whereas no paid leave was available to mothers in the U.S. (see Phipps 2010) . If they have six months off, the more well-educated Canadian mothers will not need such precision timing in order to enjoy leave during the summer months.
The final three columns of Table 2 report sibling fixed effects models for all children with a sibling in the data who also satisfies all sample selection criteria. Though sample sizes are much smaller (1993 sibling pairs), results remain consistent. That is, if one sibling is young in class while the other is not, the "young in class" sibling is more inattentive/hyperactive, controlling for age, birth order, quarter of birth and cycle.
Since there may be concern that parents may have a bias toward thinking that boys are more boisterous that girls, we also estimate the above sibling fixed models for brother/brother and sister/sister samples and find that being young in class causes an increase in inattentive/hyperactive behaviour for girls who are young in class compared to their sisters who are not; boys who are young in class exhibit more inattentive/hyperactive behaviour than their brothers who are not. In fact, the coefficient size for the "young" variable is particularly large when there are no gender differences between siblings. Table 3 presents potentially policy-relevant results. Specifically, we re-estimate the basic DD model (Equation 1, above) separately for children who family equivalent income is above versus below the mean. As well, we estimate a version with all children plus a control for "less than mean" and an interaction between "less than mean" and "young." Results show that the effect size is smaller for children from lower-than-mean-income families, though still important for children from higher-than-mean-income families.
Regression Discontinuity Results
RD results for the pooled boy/girl sample are presented in Table 4 which reports only the estimated coefficient for "boy" and for the "young" variable (results for other covariates are similar to those reported for the DD models). We report results for window lengths of two and three months before/after the school cut-off date. Again, we find that children who are relatively young in class are reported by their parents to exhibit more inattentive/hyperactive in the home setting. Children who are relatively young in class have scores that are about 0.5 points higher than their peers on the "other side of the window;" similar in magnitude to those obtained using DD methods.
Again, while boys have significantly higher inattentive/hyperactive scores than girls (about 1 point), we never find a statistically different impact of being young in class for boys than for girls. In the estimates reported here, we include all covariates and use a linear specification for the distance from cut-off function, f(bdi-ci). We have also used quadratic and cubic specifications for the running variable; these are reported in Appendix Table 7 . The basic conclusion that children who are relatively young in class exhibit more inattentive/hyperactive behaviour than their relatively older peers holds.
In order for our interpretation that higher levels of inattentive/hyperactive behaviours are caused by being young relative to class-mates, we do not want it to be the case that other potential reasons for hyperactivity "jump" near the school start-date cut-off. One very nice feature of the RD strategy is that it is easily possible to test for discontinuities in observable variables by estimating a set of regressions of the form of equation (2) for each of the covariates in our data set (Dobkin and Ferreira 2009 and Lee and Lemieux 2010) . Appendix Table 7 reports results for both two and three-month windows and find no evidence of discontinuities around the cut-off for any of the covariates except, as we would expect, that grade is statistically significant (and positive). This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at Canadian Journal of Economics. Published by Wiley on behalf of the Canadian Economics Association. Copyright restrictions may apply. doi: 10.1111/caje.12174
Our finding of an increase in parent-reported inattentive/hyperactive behaviours of Canadian children who are "young in class" thus appears to be different from Elder's conclusion (2010) that while teacher reports of "young in class" child behaviour are predictive of ADHD diagnosis, parent reports are not. However, the two papers are not asking the same question.
Elder's goal is to determine if diagnosis (and thus treatment) of ADHD is affected by relative age comparisons in teacher/parent assessments of ADHD-like behaviours whereas we are interested in whether children who are young in class are more restless or inattentive than other children at levels far below ADHD diagnosis since that can lead to poorer schooling outcomes (Currie and Stabil, 2006) . In fact, Elder finds, as we do, that both teachers and parents report "young in class" children to be less "socially and cognitively developed;" the discrepancy in findings only appears when he uses reports of behaviour to predict ADHD diagnosis --in this case, only teachers' reports are predictive. Elder does not directly use behavioural scores as dependent variables in his RD estimates given his focus on relative age effects on diagnosis.
Indeed, as Elder points out (p. 645), the behavioural scales available to him would not be well-suited for a direct study of the full range of inattentive/hyperactive behaviour which is our focus. That is, some of the behavioural scales available to him are not intended to measure ADHD-type behaviours; for example, there is a measure of emotion and one for interpersonal relations. We are fortunate to have available a behavioural scale for which all components match criteria by which ADHD is assessed (see DSM-IV criteria for ADHD, American Psychiatric Association, 2000). See Appendix Table 11 where we indicate with a * criteria overlapping with DSM-IV criteria. Table 5 presents a series of robustness checks for our DD models, our focus for the rest of the paper. (Appendix Tables  8a and 8b report the same DD robustness checks for boys and girls separately while Table 8 reports these robustness checks for 3-month RD models.) Currie and Stabile (2006) have noted that there are strong negative associations between inattentive/hyperactive behaviour and human capital acquisition at well below "clinical" levels of these behaviours (i.e., for children who are inattentive or restless but who certainly do not have ADHD). 24 Thus, a first test for robustness compares results for children with less than mean I/H scores with those for children with above mean scores. 25 An important point, pursued later in the paper, is that the "young in class" effects are not apparent for children with less than the mean I/H score. These "lower half" children have a mean I/H score of 2 on the 0 to 14 scale and 55 % are girls. Thus, not only does the "young" effect disappear, but the magnitude of the "boy" coefficient falls from 1.054 to 0.251.
It is also possible that some children born just after the school entry age cut-off, yet who were perceived as "ready" to start school were sent to private schools that might be more flexible with respect to parental preferences. Again, although this would suggest that we under-estimate the true effect of birth date on inattentive hyperactive behaviour of children, if parents are more likely to start particularly able children early, we repeat our analyses for a sample that includes all children in the NLSCY regardless of their schooling status (i.e., home-schooled or not) or type of school 23 Other more minor differences between Elder's work and ours are: 1) he uses behavioural scores reported in late fall 1998 for children who started K in fall 1998; thus they are younger/nearer to school entry than our sample of children (who can be anywhere from 5 to 8 and can have been surveyed at any time during the year except the summer months); 2) school entry cut-offs in the U.S. states are generally in August/September/October (Sept 1 is most common); only 3 states with Dec 31) so U.S. children are, on average, a few months older when they start school. 24 Attention-Deficit/Hyperactivity Disorder (ADHD) is among the most commonly diagnosed behavioural disorders for children in many countries (Elder 2010; FSGB 2003; SPG 2007) . ADHD is a developmental, neurobiological condition defined by the presence of severe and pervasive symptoms of inattention, hyperactivity and impulsivity which must be exhibited over a period of at least 6 months, before the age of 7 and in at least two contexts such as home and school (Daley and Birchwood 2010; Loe and Feldman 2007) . 25 Perhaps surprisingly, given the availability of public health insurance in Canada, rates of treatment with Ritalin seems to be lower in Canada than in the U.S. (e.g., Currie and Stabile (2006) estimated that 1.4 % of Canadian children aged 4 to 11 in 1994 took Ritalin, compared to 3.3 % in of the same age and in the same year in the U.S. In our sample, 2.8 % of boys; 0.8 % of girls, so results are not affected if we exclude children on Ritalin.
This 12174 attended (public or private). Since less than 4 % of children in grades K through 4 attend private school in Canada, results are also robust to adding children who are home-schooled or attending private schools back into the sample (see Table 5 ).
A further issue is that some regions offer public junior kindergarten and some do not and the availability of daycare varies across the country. 26 Since having attended junior kindergarten or structured daycare may later influence the child's behaviour in kindergarten or grade one, we control for whether the child attended a structured daycare or a junior kindergarten when he/she was 3/4. To do this, it is necessary to further limit our sample to children observed at age 3 or 4 and with answers to questions about attendance in junior kindergarten or formal daycare at that time. Again, our main causal findings about increased inattentive/hyperactive behaviour for children who are relatively young at school are unaffected by the inclusion of this control. 
Compliance with Legislation
Since our analysis defines children as young in class by comparing their birth date with the legislated school start date for their province/time period, a concern might be that parents do not always comply with the legislation. For example, if some parents are aware of the literature on being "young in class," they may choose to hold their children back in order to provide an advantage relative to peers (academic "redshirting"). This seems particularly likely if the child is perceived as "not ready" for school. If this is so, then we would have more "less able" children in the "old" group, and we would underestimate the implications of being "young." However, Appendix Table 10 indicates that, in Canada, only a very small number of children are not in compliance with the school entry regulations in their year/province (at most 3 %). Not surprisingly, then, we see almost no change in estimates if these children are excluded from our sample. 
Strategic Timing of Births
Another concern could be that some parents, aware of the "young in class" literature, attempt to time the month of their child's birth to ensure that he/she is old in class. Bedard and Dhuey (2006) find no evidence of such behavior in their study of 20 countries, nor do we find a jump in birth frequency just after the school entry threshold in our data (see Figure 5 , that uses pooled cycles of data for provinces without a change in school entry date). Moreover, the sibling fixed effects models reported in Table 2 should control for an unobservable such as parental desire to advantageously time their children's births.
Is Being Young at School Harder for Children with Greater
Inattention/Hyperactivity Prior to School Entry?
The consensus in the medical literature appears to be that while ADHD diagnosis most often occurs during the elementary school years, symptoms of inattentive/hyperactive behaviour are typically already evident during the preschool years (Loe, Balestrino, Phelps, Kurs-Lasky, Chaves-Gnecco, Diego, Jack and Feldman 2008). And, the robustness checks discussed in the previous section suggest that children with the most inattentive/hyperactive behaviour are most affected by being young in class. In this section, we make further use of the longitudinal nature of the NLSCY to ask whether increases in inattentive/hyperactive behaviour associated with being young in class are larger for children who exhibit more inattentive/hyperactive behaviours before they arrive at school entry age? That is, do children who have troubles sitting still or paying attention find it harder to cope in a classroom when they are 26 See, for example, Lefebvre and Merrigan (2008) or Lefebvre, Merrigan and Verstraete (2009) . 27 While there is no association between having attended junior kindergarten at 3/4 and current inattentive/hyperactive score, we do find a correlation between having attended structured daycare at 3/4 and higher inattentive/hyperactive scores at 5/8. This is consistent with the findings of Baker, Gruber and Milligan (2008) . 28 Indeed, these results cannot be released from the Research Data Centre in order to avoid possible residual disclosure, given the very small numbers of children involved. This contrasts with U.S. findings of growing numbers of "redshirted" children (e.g., Deming and Dynarski, 2008; Evans, Morrill and Parente 2010) .
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Restricting the sample to children for whom we have parent reports of hyperactivity both at ages 2/3 and at ages 4 through 9, we estimate the following difference-in-difference specification: 
where I/H2/3 i is the child's inattentive/hyperactive score at age 2 or 3 and other explanatory variables are as described for the difference-in-difference model (1) above. We estimate both the OLS model described above as well as a sibling fixed effects version.
Results for these models are reported in Tables 6. Key findings are that: 1) there is strong persistence in reported inattentive/hyperactive behaviour which is unaffected by adding the "young" variable to the model; 2) being young in class nevertheless increases parent reports of inattention/hyperactivity, even controlling for scores reported prior to school entry, in both OLS and sibling fixed effects models. This is one of our strongest findings -children who are young in class, compared to their sibling who is not, exhibit more inattentive/hyperactive behaviours, even controlling for differences in their I/H scores at age 2/3 (as well as differences in gender, age in months at survey, birth order and quarter of birth).
Finally, to test whether children who already exhibit many inattentive/hyperactive behaviours during their pre-school years are most strongly affected by being young in class, we estimate a version of (4) above in which we model I/H using dummies to indicate quartile of the pre-school I/H distribution plus interactions between I/H2/3 quartile and the "young" variable.
The results are reported in column 4 of Table 6 . We find, as expected, that children who are the most inattentive/hyperactive pre-schoolers are the ones who have the most difficulty being young in class. Since boys comprise 57 % of the toddlers in the highest quartile of the hyperactivity distribution, in this sense, being "young in class" is more of a boys' than a girls' issue.
Falsification Test
The sample of children observed since the age of 2/3, provides an opportunity to conduct an interesting falsification test. Specifically, we can regress I/H score at age 2/3 on an indicator that this child will be young in class when he/she reaches school age (as well as the full set of controls used in earlier DD models). Results are reported in Table 7 where we find that the "will be young in class" variable does not predict reported inattentive/hyperactive behaviours at age 2/3.
Do the Effects of Being Young in Class Persist into Early Adolescence?
There is some dispute in the literature about how long-lasting are the effects of being young in class. Bedard and Dhuey (2008) present evidence for a variety of countries (and the Canadian province of BC) that relative school start age effects persist into the adult years; Smith (2007) , using the same BC data set, also finds evidence of effects persisting into the high school years. On the other hand, Bertrand and Pan (2011) argue, using U.S. data, that effects dissipate; Dobkin and Ferreira (2010) , again in the U.S. context, argue that there are no long-term implications for adult labour market outcomes since younger children, on the one hand, have poorer academic outcomes during their school years, but, on the other hand, are more likely to pursue further education.
Using the parent-reported inattentive/hyperactive score for children aged 10 and 11, we re-estimate the basic and the sibling fixed effects DD models as well as the models that control for hyperactivity observed at age 2/3, again using both OLS and sibling fixed effects. We choose children aged 10 and 11, since this coincides with current average age of puberty onset (Toppari and Juul, 2010) and, pragmatically, is the oldest age for which we have parent reports of inattentive/hyperactive behaviour.
Results are summarized in Table 8 (OLS) and Table 9 (Sibling FE) and are, in all cases, consistent in both size and significance with those reported earlier. That is, at age 10/11, we continue to find that children who are "young in class" exhibit more inattentive/hyperactive behaviours than other children, controlling parent-reported inattentive/hyperactive behaviours at age 2/3, and in both OLS and sibling FE DD models.
Although the NLSCY does not provide parent reports of I/H behaviours beyond the age of 10/11, parents of 14/15 year old youth are asked if their child has ever repeated a grade at school and they are asked to assess the child's overall performance at school: "Based on your knowledge of his schoolwork, including report cards," how is [your child] doing overall?" Responses possibilities are: Very well, well, average, poorly, very poorly. For our analyses, we code from 1 to 5, with 5 corresponding with "very well." Table 8 reports DD results using over-all success at school and grade repetition as dependent variables. We find that children who were young in class at school entry are reported by their parents to be less successful at school at age 14/15 (estimate size is 7 to 9 % of a standard deviation). "Young in class" children are also more likely to have repeated a grade at school by age 14/15 (estimate size is 13 to 16 % of a standard deviation). Table 9 repeats these analyses using sibling fixed effects DD models. Although sample size becomes quite small (only 478 sibling pairs that we can observe from age 2/3 until age 14/15), the same patterns are apparent.
Discussion
We argue that this issue is of greater concern now than was the case in the past (when there were of course also "young in class" children). 30 First, while children are only required by law to be in school by the age of six in most jurisdictions, as we have demonstrated, the overwhelming majority of Canadian children actually begin formal education in the public school system at age 4/5. They also spend more hours in class at an earlier age than was previously the case (e.g., full day kindergarten versus half day kindergarten). A simple point is that being one year younger than a classmate is likely to represent a larger developmental gap at a younger age. Attempting to keep up with classmates doing tasks such as forming letters and numbers is likely to be particularly frustrating. Second, young children are known to be more inattentive/hyperactive than was true even 10 or 15 years ago (Akinbami, Liu, Pastor and Reuben 2011; Brault, Marie-Christine and Lacourse, Eric 2012; CDC 2010; Child Trends 2011; Garfield, Dorsey, Zhu, Huskamp, Conti, Dusetzina, Higashi, Perrin, Kornfield and Alexander 2012) . 31 Given our finding that children who start school with the highest levels of I/H behaviour are most negatively affected by being young in class, this trend could mean that effect size is larger now than in the past. Moreover, since studies of recent prevalence trends show the same gender gap as previously albeit at higher levels for both boys and girls, the problem may plausibly contribute to the "boys" problem' in Canadian schools.
Finally, there is a possibility that increases in inattentive/hyperactive behaviour inadvertently caused by school entry policies may lead to diagnosis of ADHD and treatment using Ritalin. This is most likely for children starting school with high inattentive/hyperactive scores (most likely boys) for whom being young in class leads to a further increase 30 The highly feminized environment of schools in the early years might also be relevant (e.g., female teachers may be less sympathetic to boisterous behavior). Certainly, it is the more "hyperactive" behavior that teachers find most disruptive in the classroom (Abikoff, Jensen, Arnold, Hoza, Hechtman, Pollack, Martin and Wigal 2002) . On the other hand, teachers of the early grades at school have been primarily female for many years, so this particular factor may have changed less than some others. This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at Canadian Journal of Economics. Published by Wiley on behalf of the Canadian Economics Association. Copyright restrictions may apply. doi: 10.1111/caje.12174 in I/H score of about one quarter of a standard deviation. Since recent research (Currie and Stabile 2013) finds negative effects on educational outcomes for Canadian boys (but not girls) who have been treated with Ritalin, there is additional cause for both economists and policy makers to be concerned about school entry policies.
Our results provide some potentially useful ideas for policy development in this area. First, we find that children from lower-income families are particularly susceptible, as are children already exhibiting some inattentive/hyperactive behaviours as pre-schoolers. This may help to focus resources where they will be most effective.
In terms of what to do, one possibility would be to stagger school entry across the first year as is the case in England (Cornelissen, Dustmann and Trentini 2013) where children may enter in September, January or April. In this case, children in the entering cohort would be much close to the same age (i.e., all birth dates falling within the same 4 months). Of course, this may cause logistical problems if entering cohorts are simply added to existing classes. Also, Cornelissen, Dustmann and Trentini (2013) find that children who have been in school for fewer months have poorer outcomes, both cognitive and behavioural, than those with more months of "exposure" to the classroom.
Alternatively/additionally, a growing body of research suggests that vigorous aerobic exercise may be a helpful longerterm treatment option for children with ADHD (Chang, Liu, Yu and Lee 2012; Medina, Netto, Muszkat, Medina, Botter, Orbetelli, Scaramuzza, Sinnes, Vilela and Miranda 2010; Tantillo, Kesick, Hynd and Dishman 2002) , even perhaps altering the development trajectory of the condition (e.g., Archer and Kostrzewa 2012; Halperin and Healey 2011). It seems possible, therefore, that increasing time devoted to exercise for young children could be beneficial to many "fidgety" children (and might also help reduce child obesity). Again, given our results, this should be a priority for young boys.
Conclusions
We find that being young in class increases parent reports of inattentive/hyperactive behaviour for 5 to 8 year-old Canadian children. Importantly, we find that being young in class increases inattentive/hyperactive behaviour, both for children at clinical levels (i.e., those with ADHD) and for those whose behaviour is well below clinical thresholds. Using nationally representative data (the Statistics Canada National Longitudinal Survey of Children and Youth, or NLSCY), we employ both difference in difference and regression discontinuity techniques, exploiting variation across time and place in school entry laws. The longitudinal structure of the NLSCY also allows us to control for parent reports of child inattentive/hyperactive behaviour at ages 2/3, before the children start school. We find that being young in class exacerbates an underlying tendency toward inattentive/hyperactive behaviours, perhaps even pushing some children to clinical levels. All results hold in both OLS and sibling fixed effects models. Although our principal focus is on children who are aged 5 to 8, we also find that the effects of being "young in class" on inattentive/hyperactive behaviours persist to age 10/11; and we find negative effects on grade repetition and over-all school performance at 14/15.
Our interest in the causal implications of being young in class for observed inattentive/hyperactive behaviour of young school aged children grew from our interest in the lagging academic outcomes of boys, a line of thought not pursued in earlier U.S. studies. Since boys have much higher levels of inattentive/hyperactive behaviour prior to starting school and since children starting school with higher levels of inattentive/hyperactive behaviour are the ones particularly affected, in this sense, the problem we identify is more of a "boy"s' than a "girl"s' issue. 
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This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at Canadian Journal of Economics. Published by Wiley on behalf of the Canadian Economics Association. Copyright restrictions may apply. doi: 10.1111/caje.12174 FIGURE 2 Discontinuity in inattention/hyperactivity at school start date at ages 5 to 8 for boys and girls NOTE: Each circle represents the average hyperactivity score by 15-day blocks of age for all children aged between 5-8 years from 1994-2008 in the NLSCY. Relative age of zero (i.e. the middle of the x-axis) is the school entry age cut-off date for a province at a point in time when the child was 4/5 years old. The curve is predicted from a linear regression fitted on un-weighted individual observations that additionally controls for school grade, cycle dummies, province dummies and a third-order polynomial of the forcing variable (i. e days from cut-off). FIGURE 3 Discontinuity in inattention/hyperactivity at school start date age ages 5 to 8 for boys compared to girls NOTE: Each circle represents the average hyperactivity score by 15-day blocks of age for all children aged between 5-8 years from 1994-2008 in the NLSCY. Relative age of zero (i.e. the middle of the x-axis) is the school entry age cut-off date for a province at a point in time when the child was 4/5 years old. The curve is predicted from a linear regression fitted on un-weighted individual observations that additionally controls for school grade, cycle dummies, province dummies and a third-order polynomial of the forcing variable (i.e. days from cut-off). British Columbia, Ontario, Saskatchewan (7 school boards/CMAs), Manitoba (1997 Manitoba ( -2000 , New Brunswick, Newfoundland and Labrador, Alberta (Lethbridge, Red Deer, Lloydminster, Grande Prairie, Wetaskiwin) January 31
PEI ( This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at Canadian Journal of Economics. Published by Wiley on behalf of the Canadian Economics Association. Copyright restrictions may apply. doi: 10.1111/caje.12174 TABLE 2 Difference in difference estimates of the effect of being "young in class" on inattentive behaviour at 5/8 for children in public schools NOTE: These models also include but do not report NLSCY cycle. Robust standard errors clustered at the provincial level are reported in parentheses. Sample: Children with an effective age from 5 to 8 years, who attend public school, who were also present in the data at age 4/5 and have not moved inter-provincially since then. Children can appear more than once in the data set. For sibling fixed effects estimates, sibling pairs are selected if both children satisfy these conditions. *** indicates statistical significance at 1 % level; ** at 5 %; * at 10 %. Regression discontinuity estimates of the effect of "young in class" on inattentive behaviour of boys and girls at age 5/8 NOTE: These estimates use a linear running variable, f(bdi-ci). Models also include grade, in a cubic specification, child gender, birth order, (log of) family income, parental education, family structure, immigrant status as well as province and NLSCY cycle. Robust standard errors clustering at distance from the cut-off are reported in parentheses. Sample: Children with an effective age from 5 to 8 years, who attend public school, who were also observed when they were age 4/5 and have not moved inter-provincially since then and whose birth date falls 2 months (or 3 months) on either side of the school start cut-off for that province/year. Children can appear more than once in the data set. *** indicates statistical significance at 1 % level; ** at 5 %; * at 10 %. TABLE 6 Difference in difference estimates of the effect of being "young in class" on inattentive behaviour at 5/8 while controlling for hyperactive/inattentive behaviour at 2/3.
NOTE: OLS models also include but do not report child age in months in a cubic specification, birth order, quarter of birth, (log of) family equivalent income, parental education, family structure, immigrant status and NLSCY cycle. FE models include child age in months in a cubic specification, birth order, quarter of birth and NLSCY cyle. Robust standard errors clustered at the provincial level are reported in parentheses. Sample: Children with an effective age from 5 to 8 years, who attend public school, with a reported I/H score at age 2/3, who were also present in the data at age 4/5 and have not moved inter-provincially since then. Children can appear more than once in the data set. For sibling fixed effects estimates, sibling pairs are selected if both children satisfy these conditions. *** indicates statistical significance at 1 % level; ** at 5 %; * at 10 %.
(1 TABLE 7 OLS estimates of inattentive/hyperactive at 2/3 on an indicator of whether or not children will be "young in class" when they enter school (falsification test) Note: Models also include but do not report child age in months in a cubic specification, birth order, quarter of birth, (log of) family equivalent income, parental education, family structure, immigrant status and NLSCY cycle. Sample: Children with an effective age from 5 to 8 years, who attend public school, with a reported I/H score at age 2/3, who were also present in the data at age 4/5 and have not moved inter-provincially since then. Although children need not have an I/H score at 5/8, responses to all other covariates must have been made. Children can appear more than once in the data set. *** indicates statistical significance at 1 % level; ** at 5 %; * at 10 %. Table A3a Difference in difference estimates of the effect of being "young in class" on inattentive behaviour with each child randomly selected once Appendix NOTE: *** indicates statistically significant at 1 %; ** indicates statistically significant at 5 %;* indicates statistically significant at 10 %. All models also control cycle. Table A6 Regression discontinuity estimates of the effect of being "young in class" on inattentive behaviour of boys and girls at age 5/8
NOTE: These models also include grade, in a cubic specification, child gender, birth order, (log of) family income, parental education, family structure, immigrant status as well as province and NLSCY cycle. Robust standard errors clustering at distance from the cut-off are reported in parentheses. *** indicates statistically significant at 1 %; * indicates statistically significant at 10 %. This is an author-produced, peer-reviewed version of this article. The final, definitive version of this document can be found online at Canadian Journal of Economics. Published by Wiley on behalf of the Canadian Economics Association. Copyright restrictions may apply. doi: 10.1111/caje.12174 Table A8a Robustness of OLS difference in difference estimates of the effect of being "young in class" on inattentive behaviour to alternative samples for boys Table A8b Robustness of OLS difference in difference estimates of the effect of being "young in class" on inattentive behaviour to alternative samples for girls Basic Estimating Sample
Above Mean Score
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